Study Design: Retrospective case review. Purpose: To assess the incidence and effect of teriparatide (TP) on subsequent vertebral fractures following a long-instrumented fusion surgery for osteoporotic vertebral fractures (OVFs). Overview of Literature: TP treatment may be a useful strategy for patients with OVFs treated with a long-instrumented surgery. Methods: Overall, 47 patients who underwent long-instrumented fusion surgery (≥3 levels) for OVFs with neurological deficits between 2010 and 2013 were enrolled. The mean age of the subjects was 76 years; the study population comprised 20 males and 27 females. The mean follow-up duration was 23 months. The average of fused vertebrae was 4.9. TP was used for 19 patients who comprised the TP group. The incidence of subsequent VFs was estimated with Kaplan-Meier analyses and compared between the TP and non-TP groups using the log-rank test. Risk factors were evaluated using a Cox proportional hazards model. Results: A total of 38% (18/47 cases) of the subjects were identified with subsequent VFs. There were no significant differences in the age, sex, fused levels, presence of prevalent fractures, and correction loss of the two groups. The occurrence of subsequent VFs was lower in the TP group than in the non-TP group (16% vs. 54%, p=0.014). The log-rank test revealed that the TP treatment significantly reduced the risk of subsequent VFs (p=0.048). A Cox proportional hazards model revealed that preoperative TP treatment is only a protective factor of subsequent VFs after instrumented fusion surgery for OVFs (hazard ratio, 0.281; p=0.047). Conclusions: In this retrospective study, pre-and postoperative TP treatment significantly reduced the incidence of subsequent VFs after instrumented fusion surgery for OVFs. A prospective randomized study is warranted to determine the efficacy of TP treatments.
Introduction
Osteoporotic vertebral fractures (OVFs) are associated with a compromised quality of life, morbidity, and mortality [1] . Majority of OVF cases can be conservatively treated with bed rest, bracing, osteoporosis treatment, and pain management. However, vertebroplasty (VP) or balloon kyphoplasty (BKP) have been reported as effective treatments for persistent painful OVFs [2] [3] [4] [5] . Some cases progress vertebral nonunion and neurological complica-Asian Spine J 2019;13 (2) :283-289 tions with middle column compromise [6] . However, in case of severe vertebral collapse with neurological deficits, it is difficult to maintain neurological function and stabilize the fracture using VP or BKP. In general, VP and BKP are contraindicated in patients with posterior wall damage owing to possible neural complications caused by epidural cement leakage. Few studies have confirmed the efficacy of spinal reconstruction surgeries, such as anterior spinal fusion (ASF), posterior spinal fusion (PSF), pedicle subtraction osteotomy (PSO), and anterior and posterior spinal fusion (AP), with or without VP in these conditions [7] [8] [9] [10] [11] [12] [13] . Recently, VP and BKP have been associated with an increased risk of subsequent VFs [14, 15] . Therefore, long-instrumented fusion surgery for OVFs may increase the risk of subsequent VFs. However, few studies have reported incidences of subsequent VFs after instrumented fusion surgery for OVFs. Several studies have shown that teriparatide (TP) decreases the risk of subsequent VFs after VP or BKP [16, 17] . Our hypothesis was as follows: (1) long-instrumented fusion surgery for OVFs with neurological deficits increases the risk of subsequent VFs and (2) TP decreases the risk of subsequent VFs. This study aimed to assess the incidence and effect of TP on subsequent VFs after long-instrumented fusion surgery for OVFs.
Materials and Methods

Patient population
Total 47 patients who underwent long-instrumented fusion surgery (≥3 levels) for OVFs from 2011 to 2015 were enrolled. Patients with tumors, pyogenic vertebral osteomyelitis, those who had undergone only VP or BKP, those who were followed-up for <1 year, and those with a history of previous spinal fusion surgery were excluded. The mean age at surgery was 76±6.3 years (range, 63-88 years); the study population included 20 males and 27 females. The mean follow-up period was 23±14 months (range, 12-59 months). The patients were regularly followed-up every 3 months postoperatively. Approval was obtained from the Institutional Review Board of Hyogo College of Medicine for patient enrollment and data collection protocols (IRB approval no., 2186). Majority of the cases involved the thoracolumbar region (T12: 42%, 20 cases and L1: 21%, 10 cases) (Fig. 1) . Of the 47 patients, 15 had prevalent VF, and eight had diffuse idiopathic skeletal hyperostosis. Only five patients had taken bisphosphonates, and three patients received vitamin D and calcium supplementation for osteoporosis at the time of OVFs diagnosis. All the patients were prescribed bisphosphonate or TP preoperatively. Majority of the patients had insufficient bone union after conservative treatment including lumbar orthosis and bed rest after OVFs. Indications for the use of TP treatment were prevalent multilevel VFs, severe vertebral collapse (>50%), and the presence of marked intravertebral vacuum cleft, especially since 2011. TP treatment was initiated for 19 patients who received a subcutaneous injection (20 µg) once daily at the time of diagnosis of OVFs with neurological deficits. The median duration of previous treatment with antiresorptive agents and TP was 1.3±0.3 months and 1.5±0.4 months, respectively. Bisphosphonates or TP are contentiously administered postoperatively.
Surgical management
All the patients were initially treated conservatively with bed rest and thoracolumbar orthosis for several months. Surgical treatments were indicated for patients with progressive neurological deficits caused by severe vertebral collapse or spine instability [18] . All patients, except two, had neurological deficits. These two patients were treated surgically for persistent severe back pain due to vertebral pseudarthrosis. We mainly selected VP with PSF in case of severe vertebral collapse with intravertebral vacuum cleft. VP was performed using calcium phosphate cement (Biopex; Pentax Co., Tokyo, Japan) or hydroxyapatite blocks (Pentax Co.), as per the surgeon's preference. ASF and PSF or osteotomy was indicated for severe biconcave vertebral fracture without intravertebral vacuum cleft. Types of surgery included VP with PSF in 36 cases, AP in three cases, PSF without VP in two cases, posterior lumbar interbody fusion in two cases, and osteotomy and PSF in four cases. The average number of fused vertebrae was 4.9 (range, 3-7 vertebrae). Subsequent VF was defined as a reduction of ≥20% in the anterior, middle, or posterior vertebral height at adjacent levels and distant levels.
Clinical assessment
The occurrence of subsequent postoperative VFs, complications, reoperation, and Visual Analog Scale scores for low back pain (LBP) was reviewed to evaluate the clinical outcomes. Activities of daily living were assessed using the Barthel index. The LBP score was evaluated using the Japanese Orthopaedic Association score (0, none; 1, occasional and slight; 2, occasional and moderate to severe; 3, continuous and severe). Radiographic measurements included the assessment of the kyphotic angle (KA) between the cranial endplate of upper instrumented vertebra (UIV) and the caudal endplate of the lower instrumented vertebra (LIV) on lateral plain radiography. Age, sex, fused levels, KA, fusion rate, correction loss, subsequent VFs, and LBP score were compared between the TP and non-TP groups.
Statistical analyses
Continuous variables are presented as means±standard deviations with ranges, and categorical variables are presented in terms of frequencies and percentages. The independent Student t-test was used to compare the two groups. The chi-square test or the Fisher's exact test was used, as required, if a frequency of any cell in a contingency table was <5. All the p-values are two-sided, and pvalues <0.05 were considered to indicate statistical significance. The occurrence of subsequent VFs was estimated using Kaplan-Meier analyses and compared between the groups using the log-rank test. The risk factors were evaluated using a Cox proportional hazards model. SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used for performing the statistical analyses.
Results
Total 38% (18/47 cases, 30 vertebrae) were identified in the subsequent VFs. Of the 18 patients, 10 had 1 level VF, five had 2 level VFs, two patients had 3 level VFs, and one patient had 4 level VFs (Table 1 ). The median time of VFs from the index surgery was 4 months. Of the 18 patients, seven (39%) had subsequent VFs within 3 months, six (33%) within 3-6 months, two (11%) within 6 months to 1 year, and three (17%) more than 1 year after the index surgery. Eight patients had symptomatic VFs, and 10 patients had subsequent asymptomatic VFs at the regular follow-up. Fracture at the UIV was the most common subsequent VF. LIV+1 was the second most common subsequent VF (Fig. 2) . All the subsequent VFs were treated conservatively with braces and pain medication. The overall occurrence of subsequent VFs was 21% at 1 year and 32% at 2 years according to the Kaplan-Meier estimate (Fig. 3) . Total six patients required revision surgery because of complications, including surgical site infection (four cases) and instrumentation failure (two cases). One patient required extension to distal level due to distal junctional kyphosis, and another patient required extension to cranial level because of the screw back out. Subsequent VFs did not relate to revision surgery. The fusion rate was similar between the TP group and the non-TP group (89% versus 95%, p=0.89). The mean Barthel index significantly increased from 55.1±11.7 to 80.2±12.2 (p<0.001) at the last follow-up. Preoperative KA between the UIV and the LIV was 24.5°±15.0°. The KA immediately after the surgery was 13.0°±10.2°. Postoperative KA at the final follow-up was 21.2°±10.2°. The mean loss of correction was 8.1°±10.2°. There were no significant differences in the age, sex, fused levels, presence of prevalent fracture, postoperative KA (immediately and at the final follow-up), and LBP score between the TP group and the non-TP group ( Table 2 ). The occurrence of subsequent vertebral fracture was lower in the TP group (16% versus 54%, p=0.014). The log-rank test revealed that the TP treatment significantly reduced the risk of subsequent VFs (p=0.048) (Fig. 4) . A Cox proportional hazards model revealed that the preoperative TP treatment was only a protective factor for subsequent VFs after instrumented fusion surgery for osteoporotic vertebral collapse (hazard ratio, 0.281; 95% confidence interval, 0.08-0.985; p=0.047). The curve reveals a high incidence of subsequent fracture that was observed in the non-teriparatide treatment group.
Discussion
In our study, total 38% (18/47 cases, 30 vertebrae) subjects were identified with subsequent VFs after instrumentation surgery for OVFs with neurological deficits. The incidence of subsequent VFs after instrumentation surgery, including PSF, PSF+VP, PSO, and ASF was reported to range from 14% to 55% [7, 8, [10] [11] [12] . Ataka et al. [7] reported that subsequent VFs were found in 50% (7/14 cases) of the subjects after posterior long-instrumented fusion surgery. Nakashima et al. [10] reported subsequent VFs in 33% (15/45) of the subjects after AP (24 cases) and VP+PSF (21 cases) surgery. Okuda et al. [11] reported that subsequent VF were found in 40% (16/40 cases) after surgery (ASF 15%, PSO 86%). Kashii et al. [8] reported a rate of 55% for subsequent VFs after surgery (VP+PSF, ASF and PSO). It remains controversial whether the vertebral augmentation procedure increased the risk of subsequent VFs or it was the result of the natural history of osteoporosis. Several studies have demonstrated a higher rate of subsequent VFs after kyphoplasty compared with the data from natural history for untreated fractures [14, 15] . In contrast, the vertebral augmentation procedure does not increase the incidence of new vertebral fractures [2, 19, 20] . Recently, a meta-analysis of randomized controlled trials showed no significant differences between the incidences of subsequent VFs after conservative and vertebral augmentation treatments [21, 22] . The present results indicate that the incidences of subsequent VFs were similar to previously described incidences. Various surgical procedures have been reported for the treatment of OVFs with neurological deficit. Further, the efficacy of spinal reconstruction techniques, such as ASF, PSF+VP, PSF alone, PSO, and AP has also been reported [7] [8] [9] [10] [11] [12] [13] . Concurrently, a high complication rate was identified in terms of correction loss, screw loosening, subsequent VFs, and instrumentation failure after instrumentation surgery in fragile osteoporotic bones. Katsumi et al. [9] reported that the efficacy and safety of VP+PSF without neural decompression and the mean correction loss of the KA in the fused area at the 2-year follow-up was 13.6°±6.0°. They recommended short-segment VP+PSF for elderly patients. Nakashima et al. [10] demonstrated that correction loss was significantly greater in the VP+PSF group (7.0°±6.0°) compared to that in the AP group (13.4°±7.3°). In the present study, the mean correction loss was 8.1°±10.2°, and 4% (2/47) of the cases required revision surgery because of instrumentation failure. However, the optimal surgical procedure remains controversial because most studies were retrospective case series with a small sample size. Recently, several reports have demonstrated the efficacy of minimally invasive procedures, including VP and BKP, for OVFs with neurological deficits [23, 24] . Nakamae et al. [24] reported that the condition of 84% of the patients with neurological deficits for OVFs improved after VP. However, VP or BKP are relatively contraindicated and challenging for OVF patients with neurological deficits. The efficacy and safety of VP or BKP in the setting of OVFs with neurological deficits remain unclear.
We identified TP administration as a significant protective factor associated with subsequent VFs. Recent studies have demonstrated preoperative segmental kyphosis, osteoporosis (in case of female patients), and intervertebral cement leakage as risk factors associated with subsequent VFs after BKP or VP [25] [26] [27] . In the present study, there were no significant differences in age, sex, fused levels, and pre and postoperative KA between the TP group and non-TP group. TP directly stimulates bone formation and increases bone mineral density (BMD). In a recent literature review, TP reduced the risk of subsequent VFs [16, 17, 28] . Our findings support the therapeutic effect of TP in OVF patients. In addition, TP increases the BMD and the insertional torque of the pedicle screws and the bone union rate [29, 30] . These results suggest that TP may have an advantage in terms of instrumentation failure and subsequent VFs after instrumented surgery for OVFs.
In this study, we could not confirm the superiority of TP in terms of the costs, revision rate, and fusion rate. However, the prevention of subsequent OVF may influence sagittal spinal alignment that decreases the healthrelated quality of life. Multilevel OVFs reportedly increase the risk of chronic pain because of spinal sagittal imbalance [31] . Although the results suggest a significant effect of TP, there are few methodological issues that weaken the study validity. We did not have the BMD data available for most of these patients. In addition, the duration of preoperative TP treatment and the selection criteria of TP treatment were different among the patients. Therefore, there was insufficient information to evaluate the exact therapeutic effect of TP. Furthermore, we did not assess the severity of the vertebral collapse. Finally, the relatively small sample size and the postoperative follow-up period had considerable variation. The postoperative follow-up period may not have been long enough to assess the subsequent VFs.
Conclusions
We present a series investigating the incidence and effect of TP in preventing vertebral body fractures after longinstrumented fusion. This treatment paradigm would be suitable for a prospective trial; however, it represents some evidence that TP may be useful in preventing fractures following long-posterior fusion.
